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The most appealing and popular movie last year in 
the world was James Cameron’s Avatar. Mr Cameron 
used three-dimensional (3D) camera acquisition 
and 3D projecting systems to present a fantastic 
virtual reality. In the medical field, the human body 
is naturally 3D. With the development of the X-ray 
by Wilhelm Conrad Röntgen in 1895, one of the 
first human medical images was the film of his wife 
Bertha’s hand with a ring on her finger.1 It was a 
visionary and penetrating image that was two-
dimensional (2D). In the following 100 years, sci-
entists invented a series of imaging modalities for 
medical use such as the ultrasound scanner invented 
by Dr George D. Ludwig at the Naval Medical Re-
search Institute, Bethesda, Maryland in 1947. Com-
puted tomography (CT) was invented by Godfrey 
Hounsfield in 1967,2 and the first human magnetic 
resonance image was produced in 1977.3 The inven-
tions of CT and magnetic resonance imaging were 
so important that their inventors won Nobel prizes 
for them. However, these images were still 2D, which 
meant that clinicians had to imagine the real 3D 
structures by themselves, through viewing many 
2D images. However, the ability and reality of each 
clinician’s imagination was different.
Stacking several 2D images slices, each with 
their own slice thickness, to form a new 3D object 
is likened to children using a lot of Lego blocks to 
build a castle. This concept of 3D image building can 
be traced to the late 1970s, about 10 years after the 
invention of CT.4 3D objects have three dimensions 
known as the X-, Y-, and Z-axes. The X-Y plane is the 
plane of these sectional images, which at that time 
had a resolution of about 0.1 cm, while the Z-axis 
resolution was up to 1 cm. This meant the “castle” 
was constructed with a lot of cuboids, not cubes 
which made the contour of the 3D image had a 
non-smooth terraced pattern. At the same time, 
computers were being developed with software 
for personal use, but their calculation speed was 
not as fast as computer-processing speeds to day. 
Thus, in the late 1970s−1980s, a reconstructed 3D 
CT image was very time consuming and bore little 
resemblance to reality, so that its clinical use was 
limited.
With progressive advances in computer science, 
faster hardware calculation speeds and many new 
software-rendering algorithms were developed. Now, 
isotropic voxel fine resolution (as fine as 0.3 mm) 
is commonly achieved by commercialized state-of-
the-art CT. Creation of simple 3D CT images has be-
come much easier. According to data from PubMed, 
scientific publications with 3D CT mentioned in the 
title or abstract since 1977 gradually increased in the 
1980s and rapidly increased in the past 10 years 
(Figure 1). The search syntax used is as follows: 
((3D[Title/Abstract]) OR (three-dimensional [Title/
Abstract])) AND ((CT[Title/Abstract]) OR (computed 
tomography[Title/Abstract])). In addition to scien-
tific research, in my own clinical experience, I re-
ceive so many requests for 3D CT imaging in daily 
practice that it has become routine.
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Today the application of 3D CT imaging is highly 
variable due to the differences in rendering tech-
niques applied. Historically, surface rendering (an 
examination of the outer surface of an object with 
lighting and shading effects) was the initial and the 
simplest process of generating a 3D image. It is usu-
ally used to define structures that have great differ-
ences with the surrounding environment, like skull, 
spine, and bone.5 Volume rendering is a technique 
used to display a 2D projection of a 3D discretely 
sampled data set. By adjusting the transparency of 
each overlapped object, volume rendering lets the 
viewer see through most of the outline of the tar-
get into the intended depth of each layer, which 
provides more information than only surface con-
tours made from surface rendering.6,7 Volume rend-
ing has become the most popular and powerful tool 
for 3D demonstration. Maximum intensity projection 
is another way of visualization for 3D data. It rep-
resents voxels in the visual plane with the maxi-
mum intensity that fall in the way of parallel rays 
traced from the viewpoint to the plane of projec-
tion. This technique is computationally fast, but 
the results do not provide a good sense of depth of 
the original data. However, maximum intensity 
projection is very useful in detecting lung nodules 
by enhancing these nodules to make them stand 
out from pulmonary bronchi and vasculature.8 In 
contrast, minimal intensity projection is a method 
of image projection similar to maximum intensity 
projection, but using the voxel that has minimal 
intensity and that fall in the way of tracings for 
image reconstruction. This technique is usually 
used to delineate structures that have the lowest 
density, such as an airway.9 Virtual endoscopy is an 
extended application of volume rendering that al-
lows viewing of a target object from the inside. It 
is suitable for evaluating the inner contours of cavi-
tated structures. Clinically, virtual bronchoscopy, 
colonoscopy, and cardioscopy are the top three 
fields using such postprocessing techniques.10−12
With the continued rapid advances and cost re-
ductions in computer science facilitating the clini-
cal use of supercomputers,13 as well as the rapid 
improvement in 3D perception tools,14,15 the era of 
total virtual reality will soon come true. Imagine, 
the patient in front of us will be a human body that 
we can see through, navigate in, and even perform 
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Figure 1 Number of publications with “three-dimensional computed tomography” mentioned in the title or abstract 
from 1976 to 2009.
3D medical imaging: dream to reality 197
virtual surgery or dissection on.16,17 The computer 
will immediately respond to us about the predicted 
result or effect that will occur in the real human, 
giving us a chance to modify our procedure before 
we perform it on the real patient. Finally, we may 
frequently switch between the “real” and “virtual” 
scenarios in the coming 2010s, and postprocessing 
techniques, not only 3D, will yield unusually brilliant 
results. Let us wait and see.
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